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1
IMAGE FORMING APPARATUS AND IMAGE
FORMING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to and incorporates
by reference the entire contents of Japanese Patent Applica-
tion No. 2012-198818 filed in Japan on Sep. 10, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus and an image forming method.

2. Description of the Related Art

As an electrophotography image forming apparatus, a tan-
dem type image forming apparatus having a plurality of pho-
tosensitive elements for forming images with different colors
from each other has become popular. In this tandem type
image forming apparatus, an electrostatic latent image is
formed by optical writing on a photosensitive element and a
toner image formed by developing this electrostatic latent
image is transferred to a printing medium or an intermediate
transfer body. This transfer operation is performed for each
color, and the toner images of the colors are overlapped on the
printing medium or the intermediate transfer body, thereby
providing a full-color toner image. In the case of having
transferred the toner image to the intermediate transfer body,
the toner image is further transferred from the intermediate
transfer body to the printing medium. The toner image trans-
ferred to the printing medium is fixed on the printing medium,
thereby providing the color image.

The positional deviation among the color transfer positions
in such an image forming apparatus leads to the deterioration
in image quality of the printing image because the color toner
images are not overlapped with each other correctly. There-
fore, it is necessary to correct the positional deviation among
the color transfer positions.

As a method of correcting the positional deviation among
the color transfer positions (hereinafter referred to as the
positional deviation for short) in the electrophotography
image forming apparatus, a method is known in which a
positional deviation correction pattern is formed on an inter-
mediate transfer body, a carriage belt for conveying a printing
medium, or the like and the positional deviation correction is
performed based on the positional information obtained by
detecting the position of the positional deviation correction
pattern with a sensor.

Japanese Laid-open Patent Publication No. 2011-112704
discloses an image forming apparatus including toner of two
special colors in addition to general toner of four colors. In
this image forming apparatus, the positional deviation cor-
rection pattern to be formed varies depending on the number
of colors.

If a pattern image is formed based on one color mode out of
mode performing color match control with only four colors
and mode performing color match control with five or more
colors, a pattern image is formed in the other color mode
based on the formed pattern image. As a result, since the
number of toner is different, the total pattern length varies. In
that case, even though the positional deviation correction is
performed based on the patter image formed according to one
color mode, the total pattern length is different in the other
color mode, in which case the positional deviation correction
cannot be performed as appropriate.
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Therefore, it is desirable to provide an image forming
apparatus capable of performing positional deviation correc-
tion as appropriate on any of a plurality of color modes.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to an aspect of the present invention, there is
provided an image forming apparatus including: an image
forming unit that forms a pattern image for image quality
adjustment on an image carrier; a detection unit that detects
the pattern image for the image quality adjustment; an image
quality adjustment control unit that controls an image quality
adjustment process in accordance with a result of detection of
the detection unit; a reception unit that receives a color mode
selected from among a plurality of kinds of color modes
whose number of colors used for forming an image is differ-
ent; and a calculation unit that calculates a total pattern length
so that a total length of the pattern image for the image quality
adjustment in a sub-scanning direction is equal in any of the
color modes, wherein the image forming unit forms the pat-
tern image for the image quality adjustment so that the total
length of the pattern image for the image quality adjustment
is equal to the calculated total pattern length.

According to another aspect of the present invention, there
is provided an image forming method including: forming, by
an image forming unit, a pattern image for image quality
adjustment on an image carrier; detecting, by a detection unit,
the pattern image for the image quality adjustment; control-
ling, by an image quality adjustment control unit, an image
quality adjustment process in accordance with a result of
detection of the detection unit; receiving, by a reception unit,
acolor mode selected from among a plurality of kinds of color
modes whose number of colors used for forming an image is
different; and calculating, by a calculation unit, a total pattern
length so that a total length of the pattern image for the image
quality adjustment in a sub-scanning direction is equal in any
of the color modes, wherein the forming the pattern image
includes forming the pattern image for the image quality
adjustment so that the total length of the pattern image for the
image quality adjustment is equal to the calculated total pat-
tern length.

According to still another aspect of the present invention,
there is provided an apparatus including: image forming
means for forming a pattern image for image quality adjust-
ment on an image carrier; detection means for detecting the
pattern image for the image quality adjustment; image quality
adjustment control means for controlling an image quality
adjustment process in accordance with a result of detection of
the detection means; reception means for receiving a color
mode selected from among a plurality of kinds of color modes
whose number of colors used for forming an image is differ-
ent; and calculation means for calculating a total pattern
length so that a total length of the pattern image for the image
quality adjustment in a sub-scanning direction is equal in any
of the color modes, wherein the image forming means form
the pattern image for the image quality adjustment so that the
total length of the pattern image for the image quality adjust-
ment is equal to the calculated total pattern length.

The above and other objects, features, advantages and tech-
nical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying draw-
ings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram depicting an image forming apparatus
of a first embodiment;

FIG. 2 is a block diagram depicting a functional structure
of the first embodiment;

FIG. 3 is a diagram depicting an example of a pattern image
of the first embodiment;

FIG. 4 is a circuit diagram depicting a hardware structure
of the first embodiment;

FIGS. 5A to 5D are diagrams depicting examples of a
pattern image of the first embodiment;

FIG. 6 is a diagram depicting the relation between the drive
period and the total length of the pattern image of the first
embodiment; and

FIGS. 7A to 7C are diagrams depicting examples of a
pattern image of a third embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

FIG. 1 mainly depicts a part performing image formation in
one example of an image forming apparatus according to a
first embodiment. An image forming apparatus 1 depicted in
FIG. 1is of so-called tandem type having a structure in which
image forming units 106C, 106M, 106Y, 106K, and 106R for
forming images of C (Cyan), M (Magenta), Y (Yellow), K
(Black), and special color R (Red) are arranged along a car-
riage belt 105. This first embodiment describes an example of
a direct transfer type image forming apparatus for directly
transferring an image to a printing medium from a photosen-
sitive drum which has been subjected to exposure in accor-
dance with image data.

In this image forming apparatus 1, the image forming units
106K, 106Y, 106M, 106C, and 106R are arranged in this
order from the upstream side of the conveying direction of
this carriage belt 105 along the carriage belt 105 for convey-
ing paper (printing medium). These image forming units
106K, 106Y,106M, 106C, and 106R have a common internal
structure except that the colors of the formed toner images are
different.

In other words, for example, the image forming unit 106K
includes a photosensitive drum 109K, a charger 110K, a
developing unit 112K, aneutralizer 113K, and a LEDA (light-
emitting diode array) head 114K, and has a transferring unit
115K at a position opposite to the carriage belt 105 relative to
the photosensitive drum 109K.

Similarly, the image forming units 106Y, 106M, 106C, and
106R include a photosensitive drum 109Y, a photosensitive
drum 109M, a photosensitive drum 109C, and a photosensi-
tive drum 109R, a charger 110Y, a charger 110M, a charger
110C, and a charger 110R, a developing unit 112Y, a devel-
oping unit 112M, a developing unit 112C, and a developing
unit 112R, a neutralizer 113Y, a neutralizer 113M, a neutral-
izer 113C, and a neutralizer 113R, and a LEDA head 114Y, a
LEDA head 114M, a LEDA head 114C, and a LEDA head
114R, respectively. Moreover, the image forming units 106Y,
106M, 106C, and 106R include transferring units 115Y,
115M, 115C, and 115R at positions opposite to the carriage
belt 105 relative to the photosensitive drum 109Y, the photo-
sensitive drum 109M, the photosensitive drum 109C, and the
photosensitive drum 109R, respectively.
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The description is hereinafter made basically of the image
forming unit 106K representing the image forming units
106K, 106Y, 106M, 106C, and 106R for avoiding complica-
tion.

The carriage belt 105 is an endless belt wound around a
driving roller 107, which is driven to rotate, and a driven roller
108. This driving roller 107 is driven to rotate by a driving
motor, which is not illustrated. This driving motor, the driving
roller 107, and the driven roller 108 serve as a driving unit for
moving the carriage belt 105.

For forming an image, the paper housed in a paper feeding
tray is fed in order from the uppermost sheet by a paper
feeding roller, and after the end of paper is sensed by a
registration sensor for paper alignment, the paper is fed into a
separation roller. Upon the reach of the paper at the carriage
belt 105 after being sent out from the separation roller, the
paper is suck on the carriage belt 105 due to an electrostatic
suction operation, and the paper is conveyed to the first image
forming unit 106K by the carriage belt 105, which is driven to
rotate, where the black toner image is transferred.

The image forming unit 106K includes the photosensitive
drum 109K as a photosensitive element, the charger 110K
disposed around the photosensitive drum 109K, the LEDA
head 114K, the developing unit 112K, a photosensitive
cleaner (not illustrated), and the neutralizer 113K. The LEDA
head 114 is configured, for example, with a number of laser
diodes arranged so that the photosensitive drum 109K is
irradiated with a laser beam linearly in a main-scanning direc-
tion.

For forming an image, the outer peripheral surface of the
photosensitive drum 109K is uniformly charged by the
charger 110K in darkness and then irradiated with irradiation
light in accordance with image data from the LEDA head
114K, thereby forming an electrostatic latent image. The
developing unit 112K visualizes this electrostatic latent
image with black toner. Thus, the black toner image is formed
on the photosensitive drum 109K.

Here, the photosensitive drum 109K is exposed to light for
one line with one lighting of the LEDA head 114K, thereby
performing one scanning in the main-scanning direction. The
exposure of lines at equal intervals is performed by rotating
the photosensitive drum 109K at predetermined angular
velocity and turning on the LEDA head 114K in a predeter-
mined period.

The toner image formed on the photosensitive drum 109K
is transferred onto paper on the carriage belt 105 by the
operation of the transferring unit 115K at a position (transfer
position) where the photosensitive drum 109K is in contact
with the paper. Through this transfer, the black toner image is
formed on the paper.

The photosensitive drum 109K on which the toner image
has been transferred is neutralized by the neutralizer 113K
after the unnecessary toner remaining on the outer peripheral
surface is removed with the photosensitive cleaner; then, the
photosensitive drum 109K stands-by for the next image for-
mation.

Thus, the paper on which the black toner image has been
transferred in the image forming unit 106K is transferred to
the next image forming unit 106Y by the carriage belt 105. In
the image forming unit 106Y, a yellow toner image is formed
on the photosensitive drum 109Y through a similar process to
the image forming process in the image forming unit 106K,
and this toner image is overlapped on and transferred to the
black image formed on the paper. The paper is sequentially
conveyed to the next image forming units 106M, 106C, and
106R, and through the similar process, a magenta toner image
formed on the photosensitive drum 109M, a cyan toner image
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formed on the photosensitive drum 109C, and a red toner
image formed on the photosensitive drum 109R are sequen-
tially overlapped on and transferred to the paper. Thus, a
full-color image is formed on the paper.

The paper having the full-color image formed thereon is
separated from the carriage belt 105 and fed into a fixing unit
116. The fixing unit 116 includes a fixing roller and a pressing
roller in contact with the fixing roller, and is configured so that
the pressing roller applies a predetermined amount of pres-
sure to the fixing roller. The fixing roller is controlled to be
heated at certain temperature by a heater, which is not illus-
trated. At least one of the fixing roller and the pressing roller
is driven to rotate at angular velocity corresponding to the
conveying velocity of the carriage belt 105.

The paper is heated and pressed when the paper passes
between a fixing roller 123« and a pressing roller 1235. By
this heating and pressing, the toner images of the respective
colors on the paper are fixed on the paper. The paper dis-
charged from the fixing unit 116 is discharged after an end of
the paper is sensed by a discharging sensor which senses the
presence of paper utilizing the light reflection, for example.

Note that the image forming apparatus 1 according to the
first embodiment forms the positional deviation correction
pattern relative to the carriage belt 105 for correcting the
positional deviation of the image to be formed. A sensor unit
14 for detecting the positional deviation correction pattern
provided for the carriage belt 105 is provided on the down-
stream side of the driving direction of the carriage belt 105 of
the photosensitive drums 109C, 109M, 109Y, 109K, and
109R.

The sensorunit 14 is disposed in a predetermined direction,
and is disposed, for example, in a manner of being aligned in
a direction orthogonal to the driving direction of the carriage
belt 105.

FIG. 2 is a function block diagram depicting one example
of a configuration for controlling the image forming appara-
tus 1 according to the first embodiment. The image forming
apparatus 1 includes a control unit 30, an I/F (interface) unit
31, an image forming process unit 32, a sub-control unit 33,
an operation unit 34, a storage unit 35, a print job managing
unit 36, a fixing unit 37, a reading unit 38, a writing unit 39,
an image processing unit 41, and image detection unit 43.

The control unit 30 includes, for example, a CPU (Central
Processing Unit), ROM (Read Only Memory), and RAM
(Random Access Memory), and controls the entire image
forming apparatus using the RAM as work memory in accor-
dance a program stored in the ROM. The control unit 30 has
an arbitration unit for arbitrating the data transfer on a bus,
and controls the data transfer among the aforementioned
units.

The I/F unit 31 is connected to an external device such as a
personal computer, and controls the communication with the
external device in accordance with the order of the control
unit 30. For example, upon the reception of a print request or
the like transmitted from an external device, the I/F unit 31
sends the request to the control unit 30. The print job manag-
ing unit 36 manages the order of printing on the print request
(print job) requested to the image forming apparatus.

The image processing unit 41 is connected to a memory 42,
and for example, the image data sent from the sub-control unit
33 are stored in the memory 42 once, and the image data
stored in the memory 42 are subjected to predetermined
image processing. The image data on which the image pro-
cessing has been performed are stored in the memory 42
again. The image processing unit 41 can generate predeter-
mined image data in accordance with the order of the control
unit 30.
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The sub-control unit 33 includes a CPU, for example, and
controls each unit depicted in FIG. 1 in accordance with the
print request, and moreover sends the image data for printing,
which has been transmitted from the external device via the
I/F unit 31, to the image processing unit 41. The sub-control
unit 33 receives the image data after the image processing or
the generated image data from the image processing unit 41
and sends the data to the writing unit 39, which is described
later.

The writing unit 39 receives the image data from the sub-
control unit 33, and controls the writing, i.e., exposure in
accordance with the image data relative to the photosensitive
drums 109C, 109M, 109Y, 109K, and 109R with the LEDA
heads 114C, 114M, 114Y, 114K, and 114R in the image
forming units 106C, 106M, 106Y, 106K, and 106R.

The writing unit 39 is connected to a line memory 40
capable of storing the image data for a plurality of lines per
unit line. For example, the writing unit 39 stores the image
data received from the sub-control unit 33 in the line memory
40 per unit line. On this occasion, the writing unit 39 is
provided with the image processing unit so that the image
data to be stored in the line memory 40 can be subjected to
predetermined image processing.

The writing unit 39 reads out the image data from the line
memory 40 per unit line in accordance with the control by the
control unit 30, and writes the image data to the photosensi-
tive drums 109C, 109M, 109Y; 109K, and 109R by control-
ling the lighting of the LEDA heads 114C, 114M, 114Y,
114K, and 114R per unit pixel on the basis of the readout
image data.

The image forming process unit 32 includes the aforemen-
tioned image forming units 106C, 106M, 106Y, 106K, and
106R, and performs processes such as developing and trans-
ferring of the electrostatic latent images written in the photo-
sensitive drums 109C, 109M, 109Y, 109K, and 109R by the
writing unit 39.

The image detection unit 43 (detector) is connected to the
sensor unit 14, and based on the output of the sensor unit 14,
the detector detects the positional deviation correction pattern
formed on the carriage belt 105 with the writing unit 39 in
accordance with the control of the control unit 30. The result
of detecting the positional deviation correction pattern is sent
to the control unit 30. Based on the result of detecting the
positional deviation correction pattern, the control unit 30
controls the writing unit 39 to perform the positional devia-
tion correction process.

The storage unit 35 stores the information representing the
state of the image forming apparatus 1 at a certain time. For
example, the result of detecting the positional deviation cor-
rection pattern is stored in the storage unit 35 in response to
interruption caused by the control unit 30. The operation unit
34 includes an operator for receiving the user operation and a
display unit for displaying the state of the image forming
device 1 to a user.

The fixing unit 37 has the fixing unit 116 and a structure for
controlling the fixing unit 116, and fixes the toner image on
the paper by heating and pressing the paper on which the toner
image has been transferred by the image forming process unit
32.

The reading unit 38 reads out the print information on the
paper and converts the information into electric signals, and
achieves a so-called scanner function. The electric signals
which have been read out by the reading unit 38 and output are
transferred to the control unit 30. This reading unit 38 and a
communication unit, which is not illustrated, allow the image
forming apparatus 1 to function as a multifunctional printer,
which is a single body achieving the printing function, the
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scanning function, the copying function, and the FAX func-
tion. Note that the reading unit 38 can be omitted.

FIG. 3 depicts the detailed configuration of the sensor unit
14. As depicted in FIG. 3, in this embodiment, a process
control pattern and a positioning pattern of each color are
formed on the carriage belt 105, and these patterns are
detected by the sensor unit 14. Note that the patterns may
alternatively be formed on the intermediate transfer belt.
Although the patterns in the drawing are formed based on four
colors, the patterns can have another mode depending on the
number of colors used.

The sensor unit 14 is provided with positioning sensors 16,
17, and 18 in the main-scanning direction, and the positioning
sensors 16, 17, and 18 detect positioning patterns 19, 20, and
21, respectively. The sensor unit 14 is provided with detection
sensors 22, 23, 24, and 25 for detecting the process control
patterns, and the sensors 22, 23, 24, and 25 detect patterns
26(K), 27(C), 28(M), and 29(Y) arranged in parallel, respec-
tively. The positioning patterns 19, 20, and 21 are formed by
combining horizontal line patterns, which are formed by
arranging lines of colors Y, K, M, and C are disposed at equal
intervals in parallel to the main-scanning direction, and
oblique line patterns, which are formed by arranging the color
lines at equal intervals at an angle of 45° from the main-
scanning direction.

Hereinafter, each of the color lines included in the posi-
tioning patterns 19, 20, and 21 is referred to as a toner mark.
In other words, the positioning patterns 19, 20, and 21 are the
positional deviation correction patterns each corresponding
to a group of the toner marks.

The positioning patterns 19, 20, and 21 are formed in a
plurality of rows in the main-scanning direction, i.e., the
width direction relative to the carriage belt 105 as depicted in
FIG. 3. For example, the image processing unit 41 generates
the image data for forming the positioning patterns 19, 20,
and 21 in accordance with the order of the control unit 30, and
the image data are stored in the memory 42. Therefore, in this
embodiment, the image processing unit 41 functions as the
image forming unit.

The controlunit 30 controls the image forming process unit
32 and the writing unit 39 on the basis of the image data stored
in the memory 42 to form the electrostatic latent images of the
positioning patterns 19, 20, and 21 on the photosensitive
drums 109C, 109M, 109Y, and 109K. The electrostatic latent
images are developed to form the toner images, and the toner
images of the positioning patterns 19, 20, and 21 are trans-
ferred onto the carriage belt 105.

The number of the positioning patterns 19, 20, and 21 in
each row is more than one in the sub-scanning direction, i.e.,
the direction where the carriage belt 105 runs. One position-
ing pattern 19, one positioning pattern 20, and one position-
ing pattern 21 are regarded as one set, and for example, eight
sets of the positioning patterns 19, 20, and 21 are formed in
each row.

Next, an example of a method of correcting the positional
deviation which can be applied to the first embodiment is
described. In this embodiment, a correction value based on
which the control unit 30 performs the positional deviation
correction is calculated by measuring the distance between
the toner marks included in the horizontal line patterns of the
positioning patterns 19, 20, and 21 and the distance between
each toner mark of the horizontal line pattern and each toner
mark of the oblique line pattern.

In this example, the positioning patterns 19, 20, and 21 are
formed repeatedly in the sub-scanning direction at each end
of the carriage belt 105 in the main-scanning direction, and
two rows of the positional deviation correction patterns are
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formed. The distance from the head toner mark (toner mark of
the color K of the horizontal line pattern) among the position-
ing patterns 19, 20, and 21 to the head toner mark of the
positioning patterns 19, 20, and 21 disposed next to the above
positioning patterns 19, 20, and 21 corresponds to the length
of the positioning patterns 19, 20, and 21. The positional
deviation correction pattern rows including the positioning
patterns 19, 20, and 21 are sensed by the positioning sensors
16, 17, and 18, respectively, so that the control unit 30 (image
quality adjustment control unit) performs the positional
deviation correction process.

In the positioning patterns 19, 20, and 21, the results of
sensing the toner marks included in the horizontal line pat-
terns and the oblique line patterns by the positioning sensors
16,17, and 18 are sampled at a certain sampling interval, and
the time interval at which the toner marks in the horizontal
line patterns and the oblique line patterns are sensed is mea-
sured. By multiplying the measured time interval by the
known velocity of the carriage belt 105, the distance between
the toner marks included in the horizontal line patterns and
the oblique line patterns can be acquired. Moreover, by mea-
suring the distance between the toner marks with the same
color in the horizontal line patterns and the oblique line pat-
terns and comparing the distance between the colors, the
positional deviation amount can be obtained. As a specific
calculation method, the interval of the toner marks in the
horizontal line patterns and the oblique line patterns of the
color K is measured with the positioning sensor 16 and the
difference from the ideal interval of the toner marks in the
horizontal line patterns and the oblique line patterns is calcu-
lated; then, the calculation result is assumed as A [mm].
Moreover, the interval of the toner marks in the horizontal line
patterns and the oblique line patterns of the color K is mea-
sured with the positioning sensor 18 and the difference from
the ideal interval of the toner marks in the horizontal line
patterns and the oblique line patterns is calculated; then, the
calculation result is assumed as B [mm]. Since the inclination
of'the oblique line is 45°, the calculation result corresponds to
the positional deviation amount in the main-scanning direc-
tion at each sensor position. Accordingly, when the interval
between the positioning sensor 16 and the positioning sensor
18 is D [mm], (D+B-A)/D corresponds to the proportion of
the main-scanning magnification error.

Next, description is made of the positioning process and
the process control process with reference to the block dia-
gram of FIG. 4. The detection voltage generated when the
detection sensors 22, 23, 24, and 25 for the process control
pattern have detected the patterns is input to a multiplexer 51
via an I/O interface 50. A control circuit 53 controls the
multiplexer 51 and an A/D converter 52 so that the selection
of a sensor ch and A/D conversion operation are performed
only during the pattern formation, and the obtained digital
data are stored in a register 54. A CPU 55 changes the process
conditions for the charging, development, the transfer, and
the like depending on the obtained data.

Upon the detection of the pattern, the positioning sensors
16, 17, and 18 output the detection voltage to a multiplexer 59
via the 1/O interface 50. A control circuit 57 controls the
multiplexer 59 and an A/D converter 56 so that the selection
of a sensor ch and A/D conversion operation are performed
only during the pattern formation, and the obtained digital
data are input in a demultiplexer 58. The demultiplexer 58
selects to which of LPF circuits (digital filter circuit: product-
sum operation circuit) 60, 61, and 62 prepared for each sensor
ch the converted digital data are output. The LPF circuits 60,
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61, and 62 cut the high-frequency component, so that a pat-
tern position can be recognized more correctly by a post-stage
circuit.

Edge detection circuits 63, 64, and 65 on the downstream
side of the LPF circuits 60, 61, and 62 compare the waveform
of the detection voltage with a predetermined threshold volt-
age, and extracts the rise/drop points. The center thereof is
recognized as the pattern central position and is stored in the
register 54. Based on the data stored in the register 54, the
CPU 55 performs change calculation and setting of the pro-
cess conditions, and calculation and setting of the position-
ing, while storing data in a RAM 67 in accordance with the
program stored in a ROM 66. The setting is transmitted to the
writing unit 39 and the control unit 30 via the I/O interface 50.
The 1/O interface 50 is connected to the ROM 66 and the
RAM 67 with an address bus 68 and a data bus 69.

The CPU 55 performs operation such as sampling start/
stop and switching of sensor ch for A/D conversion with the
control circuits 53 and 57 by changing the setting value of the
register 54. Moreover, by changing the setting value of the
register 54, the CPU 55 changes the cutoff frequency of the
LPF circuits 60, 61, and 62. Further, by changing the setting
value of the register 54, the CPU 55 sets the threshold voltage
of the edge detection circuits 63, 64, and 65.

Therefore, the calculation process performed using the
hardware for positioning control is achieved by: performing a
product-sum operation with the LPF circuits 60, 61, and 62;
comparing the threshold voltage and the sensor output volt-
age (after A/D conversion and filtering) by the edge detection
circuits 63, 64, and 65; and then recognizing the center
between the drop point at which the voltage drops below the
threshold voltage first and the rise point at which the voltage
rises above the threshold voltage first after the drop, as the
pattern central position.

Next, the mode of the pattern used for the positional devia-
tion correction, etc. is described with reference to FIGS. 5A to
5D. As depicted in FIGS. 5A to 5D, the pattern for the posi-
tioning control formed in the image forming apparatus 1 is
different depending on the color mode used. The color mode
can be selected by a user by the operation of the operation unit
34 (reception unit) in this embodiment, and the selection
result is ordered to the writing unit 39 via the control unit 30.
FIG. 5A depicts the pattern image for image quality adjust-
ment for positioning control in the case of the five-color mode
and FIG. 5B to FIG. 5D each depict the pattern image for
image quality adjustment for positioning control in the case
of the four-color mode.

Inthis embodiment, the total length of the pattern image for
image quality adjustment for the positioning control in the
sub-scanning direction is adjusted to be the length corre-
sponding to the drive period of the carriage belt 105. The drive
period is a period for which the carriage belt 105 makes a
round. When the pattern length (from the start of the writing
of'the patterns to the start of writing of the next set of patterns)
of'one set of pattern images for the image quality adjustment
is set to L [mm], the image processing unit 41 (calculation
unit and image forming unit) forms the patterns so that N (N
is an integer) times of the length L, i.e., LxN [mm] is equal to
the drive period as the total pattern length. Therefore, in this
embodiment, the LxN is set by the drive period first, and the
same value is applied to each L regardless of whether the
color mode is the five-color mode or the four-color mode. The
method of adjusting the pattern intervals may be: forming the
pattern image of the four-color mode by subtracting the
unnecessary color from one set of pattern images of the five-
color mode as depicted in FIG. 5B; or forming the pattern
image while the interval of the toner marks is increased so that
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the total length of one set of pattern images is equal in the
five-color mode and the four-color mode as depicted in FIG.
5C. In this case, as depicted in FIG. 5D, it is possible to
prevent the total pattern length from being different when the
four-color pattern image is formed at the same interval of the
toner mark as that in FIG. 5A.

Therelation between the drive period and the pattern image
formed as above is described with reference to FIG. 6. Since
the carriage belt 105 and the intermediate transfer belt for
forming the pattern are driven to rotate, the rotation velocity
periodically varies due to the influence of the deviation in belt
thickness, the eccentricity of the rotation axis, etc. For sup-
pressing the influence of the measurement error of the pattern
position due to this periodic variation, the total length of the
pattern is set to be the same as the length of one rotation of the
carriage belt 105. The pattern image is formed by repeating
the sets of the same patterns in the image processing unit 41,
and the mean value of the positional deviation amount calcu-
lated for each set of the patterns is obtained. Ifthe total pattern
length after the repetition is equal to the drive period, the
influence of the periodic variation can be reduced by taking
the mean value.

In the image forming apparatus 1 of this embodiment, the
total lengths of the pattern images for positioning control
formed for each of the plural color modes are all matched;
therefore, even though the positioning correction is per-
formed on a certain color mode, the positional deviation due
to the correction is difficult to occur because the total pattern
length is the same in another color mode. Thus, the position-
ing correction can be performed as appropriate.

Since the total pattern length is set to match the drive period
of the carriage belt 105, the influence of the measurement
error of the pattern position caused by the variation in drive
period can be suppressed.

Second Embodiment

The image forming apparatus 1 of a second embodiment
has a feature of determining the total pattern length on the
basis of the color mode with the largest number of colors. In
general, as the number of colors increases, the number of
toner marks included in the formed pattern increases. There-
fore, if the total pattern length is determined based on the
color mode with a small number of colors, the interval
between the toner marks needs to be narrowed in the color
mode having more colors than the mode used as the reference.

However, if the interval of the toner marks is narrowed, the
overlapping between the toner marks is easily caused. Since
the overlapping of the toner marks prevents the detection of
the positional deviation, the maximal positional deviation
amount that can be measured is reduced. In view of this, the
total length of the pattern image is determined based on the
color mode with the largest number of colors and set to L
[mm] and the number of repetition times N is calculated; thus,
the necessary and sufficient color positional deviation mea-
surement range can be secured.

As for a specific method of calculating [. and N, when the
drive period of the carriage belt 105 is set to M, the minimal
value, Lmin, of the length of one set of the pattern images is
calculated by determining the pattern interval that can mea-
sure the necessary color positional deviation relative to the
drive period. Next, by determining . and N so as to satisfy
L>=Lmin and LxN=M, the pattern with the influence of the
belt drive period reduced can be formed while securing the
necessary color positional deviation measurement range.
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Thus, by using such L and N, the pattern images of another
color mode can also be generated.

Third Embodiment

Next, the image forming apparatus 1 ofa third embodiment
is described. In this embodiment, the total length of the pat-
terns is determined based on the color mode which is assumed
to be performed most frequently. FIGS. 7A to 7C depict the
case in which the total length of the pattern image is set based
on the four-color mode. If the proportion of the printing of the
four-color mode is the largest, it is considered that the four-
color mode is most frequently executed. Therefore, the image
processing unit 41 determines the total length of the pattern in
this mode as depicted in FIG. 7A, and in another color mode,
the pattern image is formed so that the length is equal to the
total length of the pattern in the four-color mode as depicted
in FIG. 7B and FIG. 7C.

By optimizing the pattern shape in accordance with the
color mode which is most frequently executed, the image
quality of the color mode which is most frequently executed
can be corrected at high accuracy, and in another color mode,
by performing the color matching control without changing
the total pattern length, the minimal influence of the drive
period can be reduced. As for the method of selecting the
color mode which is most frequently executed, for example,
the number of printed sheets is stored for each color mode and
the color mode where the number of the stored sheets is the
largest is selected as the mode which is most frequently
executed. Alternatively, for each color mode, the pattern
image is prepared which is based on each color mode, and in
another color mode, the pattern is formed every time so that
the total pattern length is equal to that of the pattern image of
the selected color mode.

The present invention provides an effect that the appropri-
ate positional deviation correction can be performed on any of
a plurality of colors modes.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:

1. An image forming apparatus comprising:

an image former that forms a pattern for positional devia-
tion correction on an image carrier;

a detector that detects the pattern for positional deviation
correction;

a controller that controls a positional deviation correction
process in accordance with a result of detection of the
detector;

a receiver that receives a color mode selected from among
aplurality of color modes, each having a different num-
ber of colors used for forming the pattern; and

circuitry configured to calculate a total pattern length so
that a total length of the pattern for positional deviation
correction in a sub-scanning direction is equal in any of
the color modes, wherein the image former forms the
pattern for positional deviation correction including the
number of colors corresponding to the selected color
mode so that the total length of the pattern for positional
deviation correction is equal to the calculated total pat-
tern length.

2. The image forming apparatus according to claim 1,

wherein the image former forms the pattern for positional
deviation correction so that the total length of the pattern for
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positional deviation correction in the sub-scanning direction
is equal to N times of a distance between a same color in the
pattern for positional deviation correction in the color mode
with the largest number of colors, N being a positive integer.

3. The image forming apparatus according to claim 1,
wherein the image former forms the pattern for positional
deviation correction so that the total length of the pattern for
positional deviation correction in the sub-scanning direction
is equal to a length corresponding to one round drive of the
image carrier.

4. The image forming apparatus according to claim 1,
wherein the image former forms the pattern for positional
deviation correction so that the total length of the pattern for
positional deviation correction in the sub-scanning direction
is equal to N times of a distance between a same color in the
pattern for positional deviation correction in the color mode
which is executed most frequently, N being a positive integer.

5. The image forming apparatus according to claim 1,
wherein the detector includes first and second positioning
sensors of the detector in a main-scanning direction which
detect first and second positioning patterns, respectively, and

a proportion of a main-scanning magnification error is

equal to (D+B-A)/D in which A is a difference in mil-
limeters between an ideal interval between horizontal
line patterns and oblique line patterns of the first posi-
tioning pattern and a measured interval between the
horizontal line patterns and the oblique line patterns of
the first positioning pattern measured by the first posi-
tioning sensor, B is a difference in millimeters between
an ideal interval between horizontal line patterns and
oblique line patterns of the second positioning pattern
and a measured interval between the horizontal line
patterns and the oblique line patterns of the second posi-
tioning pattern measured by the second positioning sen-
sor, and D is an interval in millimeters between the first
and second positioning sensors.

6. The image forming apparatus according to claim 1,
wherein the color modes include a five-color mode and a
four-color mode.

7. The image forming apparatus according to claim 6,
wherein the color modes further include a two-color mode.

8. An image forming method comprising:

forming a pattern for positional deviation correction on an

image carrier;
detecting the pattern for positional deviation correction;
controlling a positional deviation correction process in
accordance with a result of detection of the detecting;

receiving a color mode selected from among a plurality of
color modes, each having a different number of colors
used for forming the pattern; and

calculating a total pattern length so that a total length of the

pattern for positional deviation correction in a sub-scan-
ning direction is equal in any of the color modes,
wherein the forming the pattern includes forming the
pattern for positional deviation correction including the
number of colors corresponding to the selected color
mode so that the total length of the pattern for positional
deviation correction is equal to the calculated total pat-
tern length.

9. An apparatus comprising:

means for forming a pattern for positional deviation cor-

rection on an image carrier;

means for detecting the pattern for positional deviation

correction;

means for controlling a positional deviation correction pro-

cess in accordance with a result of detection of the means
for detecting;
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means for receiving a color mode selected from among a
plurality of color modes, each having a different number
of colors used for forming the pattern; and

means for calculating a total pattern length so that a total
length of the pattern for positional deviation correction 5
in a sub-scanning direction is equal in any of the color
modes, wherein the means for forming form the pattern
for positional deviation correction including the number
of colors corresponding to the selected color mode so
that the total length of the pattern for positional deviation 10
correction is equal to the calculated total pattern length.
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